Objectives. To evaluate the effects of vascular conditions and education quality on cognition over time in White and African American (AA) older adults.
R ACIAL differences in cognitive decline among older adults in the United States are important to examine given evidence that the prevalence of dementia is higher among African Americans (AAs) than Whites. Studies that have attempted to explain differences in baseline cognitive functioning or cognitive decline between AA and White examinees have attributed racial differences to either the effects of vascular disease or to indicators of cognitive reserve, such as education level and quality of education (Castora-Binkley, Peronto, Edwards, & Small, 2013; Fyffe et al., 2011; Manly, 2006; Whitfield, 2008) . However, the relative contribution of vascular disease and educational factors in accounting for differences in cognitive decline between racial groups remains unclear. In this study, we sought to evaluate whether racial differences in cognitive decline could be attributed to two key factors: vascular disease and quality of education.
There is strong evidence that race serves as a proxy for education and health factors that contribute to differences in cognitive decline between AAs and Whites (Manly, 2006) . Educational attainment (years of formal education), quality of education, and vascular disease are associated with poor performance on cognitive tests and increased risk for cognitive disorders in older adulthood, regardless of racial group membership (Brayne et al., 2010; Exalto, Whitmer, Kappele, & Biessels, 2012; McCrimmon, Ryan, & Frier, 2012; Reijmer, van den Berg, Ruis, Kappelle, & Biessels, 2010) . However, when examining differences in mean cognitive test performance between racial groups, these factors can be difficult to disentangle. As discussed by Manly (2006) , cultural, economic, and racial factors can each affect health and education. For example, limited resources or low educational attainment may limit access to health care and medical treatments, thereby resulting in increased vascular disease and cerebrovascular risk factors in disadvantaged groups. Therefore, both educational and vascular factors may account for differences in cognition, yet no study has fully examined this question by considering the effects of educational attainment, educational quality, and cerebrovascular risk factors on differences in cognitive performance between racial groups.
Mean differences between AAs and Whites in educational attainment (years of schooling) and quality of education (school district funding, access to educational resources, quality of teachers, number of hours in the classroom, and length of school year) have an important effect on neuropsychological test performance among racially and ethnically diverse older adults (Manly, Jacobs, Touradji, Small, & Stern, 2002; Manly, 2006) . When older AAs and Whites are matched on years of education, differences in cognitive test performance were found on most neuropsychological measures in a large battery of tests. However, accounting for reading level-a proxy for other indicators of quality of education-was found to attenuate these group differences (Manly et al., 2002) . When compared with other indicators of cognitive reserve, including years of formal education, quality of education was the only variable that accounted for differences between older adult AAs and Whites in age-and sex-adjusted composite scores of episodic memory (Fyffe et al., 2011) . Furthermore, compared with educational attainment, quality of education was found to be a better predictor of cognitive decline (as measured by factor scores of memory, executive function (EF), and language) in an ethnically diverse cohort (Manly, Schupf, Tang, & Stern, 2005) . The effect of quality of education has been linked to the effect of early life demographic factors (e.g., socioeconomic status) on access to educational resources. For example, socioeconomic factors such as parental education and childhood family size have been shown to influence cognitive aging, such as rate of cognitive decline (Melrose et al., 2014) . A similar study found that early life educational quality and late-life literacy explained a notable portion of cognitive disparities in AAs compared with Whites (Sisco et al., 2014) . Taken together, research indicates that quality of education is more informative than years of education when investigating cognitive aging in diverse populations.
AAs have increased risk for vascular disease (Redmond, Baer, & Hicks, 2011 ) and associated cognitive disorders (Fitzpatrick et al., 2004; Luchsinger, Tang, Stern, Shea, & Mayeux, 2001 ) compared with Whites. According to the 2005-2006 National Health and Nutrition Examination Survey, 27 % of AA adults have hypertension compared with 17% of Whites, a difference that persists after adjusting for demographics, socioeconomic status, clinical characteristics, and modifiable health behaviors (Redmond et al., 2011) . Type 2 diabetes is twice as prevalent in AAs as in Whites, even after controlling for body mass index (BMI) differences (Maskarinec et al., 2009 ). Cheng and colleagues (2012) studied over 7,000 AAs and found that African ancestry was associated with type 2 diabetes and HbA1c values, even after adjustment for BMI and markers of socioeconomic status including years of education, income, and occupation. Chronic vascular and metabolic conditions such as diabetes, hypertension, and hypercholesterolemia are associated with poor cognitive test performance and increased risk for cognitive disorders in older adults (Alves, Ferreira, Wajngarten, & Busatto, 2010; Duron & Hanon, 2008; Garrett et al., 2004; Lopez et al., 2003) . Furthermore, AAs had a twofold increase in the risk of vascular dementia and Alzheimer's disease (AD) compared with Whites (Fitzpatrick et al., 2004; Luchsinger et al., 2001) . These results suggest the possibility that the higher prevalence of vascular disease and cerebrovascular risk factors in AAs may at least partially account for racial differences in cognition and cognitive disorders.
We sought to explore differences in baseline cognition and cognitive decline between AAs and Whites. Specifically, we evaluated the effects of cerebrovascular risk factors, education, and vocabulary on mean differences between AA and White older adults in baseline cognition and cognitive decline. General factors of episodic memory and EF were modeled, based in part on theoretical and practical grounds. Although previous research on the current topic has evaluated specific subtypes of memory or EF (Garrett et al., 2004) , the majority of studies have utilized general factors of episodic memory and EF (Duron & Hanon, 2008; Fyffe et al., 2011; Manly et al., 2005) . The practical grounds are that there were few indicators of memory and of EF in the current data set, not nearly sufficient to reliably model memory or EF subtypes. We evaluated data from a large longitudinal community-based study of individuals with normal cognition, mild cognitive impairment, and dementia. We sought to determine whether racial groups differed in baseline memory and EF as well as rate of decline over time, and whether group differences could be ascribed to quality of education, cerebrovascular risk factors, or both.
Method

Participants
Data were obtained from the Memory Health and Aging longitudinal study at the Joseph and Kathleen Bryan Alzheimer's Disease Research Center (Bryan ADRC) at Duke University Medical Center. The Bryan ADRC uses National Alzheimer's Coordinating Center (NACC) procedures for clinical diagnosis, clinical evaluation, and neuropsychological methods (Morris et al., 2006) , though supplements NACC procedures with additional tests described subsequently. [ Participants were recruited from the Bryan ADRC Memory Disorders Clinic and from community outreach efforts, with targeted efforts to enrich the sample for AA participants. All participants gave written informed consent. This research protocol was approved by the institutional review board at Duke University.
AAs represented 20% of the total sample (n = 118). All participants were age 55 and older (range: 55-104 years), see Table 1 for a full description of demographic characteristics of the sample. AAs had fewer visits on average, due to increased enrollment later in the study period. Participants were followed for up to five years (for a total of six study visits). Participants varied in the number of annual visits completed at the time of the analysis due to rolling enrollment over the duration of the study. All 579 participants completed a baseline assessment (including 461 Whites and 118 AAs), 452 completed 2 visits (358 White, 94 AAs), 354 completed 3 visits (289 White, 65 AAs), 230 completed 4 visits (194 White, 36 AAs), 122 completed 5 visits (117 White, 5 AAs), and 37 completed 6 visits (all White). One participant was excluded from the analysis because he or she did not self-identify as either White or AA, leaving a total of 579 for inclusion in the study. On average, AA participants were younger, performed worse on the Shipley Vocabulary test, and reported lower educational attainment (years of formal schooling) for themselves and for their parents than did Whites. The groups did not differ on sex, urban versus rural location of upbringing, urban versus rural location of high school, self-reported academic performance, ever having been held back in school, and ever having failed a subject in school.
Neuropsychological Evaluation
At baseline, participants completed a comprehensive neuropsychological battery of tests consisting of tests administered as part of the NACC-uniform data set (UDS; Morris et al., 2006 Benton & Hamsher, 1989) and the Shipley Vocabulary test (Benton, 1974; Welsh et al., 1994) , as well as the Executive Interview (EXIT; Royall et al., 1992) . These tests provide a comprehensive assessment of global cognition, verbal episodic memory, visual memory, attention, object naming, psychomotor speed, basic and complex sequencing, which enabled investigators to obtain a sensitive assessment of cognitive status.
All participants were assigned a clinical consensus diagnosis using the NACC nomenclature and definitions for Notes. AA = African American; BMI = body mass index; M = mean; SD = standard deviation. Significance tests based on χ 2 values for categorical data and F values for continuous data. Values reported based on less than the full sample size in some cases due to missing data. cognitive disorders (Morris et al., 2006) . Consensus diagnosis was made by two clinicians (a neuropsychologist and a neurologist), who agreed upon the diagnosis based on all available clinical information. Clinical information included the participants' clinical history, behavioral presentation, and neuropsychological test performance. Diagnoses considered for this analyses included normal cognition or dementia. Although similar proportions of Whites and AA had dementia, the sample size of AA dementia cases (N = 27) was too low to stratify by dementia status (see Table 1 ).
Physical Health
Health history was collected from a standardized medical history interview. Health conditions were considered by the clinician to be recent or active if the condition required active management or had happened within the past year. A condition was considered inactive if the condition occurred in the past (greater than one year ago), but was resolved. Although physical health data were collected at each visit, we classified participants as to whether or not they reported recent or active cerebrovascular risk conditions at the baseline visit. Cerebrovascular risk conditions included atrial fibrillation, hypertension, hypercholesterolemia, diabetes (each of the preceding conditions were coded as 1 = recent or active or 0 = no history or inactive), and clinically measured BMI greater than 30 (1 = yes and 0 = no). AAs had significantly higher prevalence of hypertension, diabetes, and BMI greater than 30. The groups did not differ on the prevalence of hypercholesterolemia.
Statistical Analysis
The analytic strategy consisted of three parts. The first was to determine latent variable measurement models for memory and EF using confirmatory factor analysis techniques (Brown, 2006) . The memory factor was indicated by Logical Memory Story A immediate and delayed recall scores, MMSE memory recall scores, CERAD word list learning, delayed, and recognition scores, Benton Visual Retention Test total correct scores, and Constructional Praxis delayed recall scores. The EF factor was indicated by Category Fluency total scores for vegetables and animals, Trails B scores (total seconds), Digit Symbol total scores, Lexical Fluency (CFL) total scores, Digit Span forward total scores, Digit Span backward total scores, and EXIT items relating to cognition (seven items were excluded [10, 11, 14, 17, 21, 22, and 24] as they measured frontal release signs and utilization behavior and did not include a cognitive component). A previous factor analysis of the EXIT identified these subscales (Quig, 1996, unpublished dissertation) . All scores were discretized prior to analyses to create categorical variables consisting of 5-10 response categories per test. This was done to facilitate estimation given the discrepant and non-normal distributions of the test data (e.g., Trails B scores in total seconds). Most tests are skewed or suffer from floor or ceiling effects. These scores, therefore, are not appropriate for maximum likelihood estimators that assume normality. By transforming the test scores into categorical outcomes, we avoided making incorrect data assumptions for parameter estimation. This approach has been successfully used in several research studies Gibbons et al., 2012) . In creating these discretized scores, our goal was to choose cutoffs that maximized variability. Model parameters and fit statistics were derived using a robust estimator for categorical data in Mplus (Muthén & Muthén, 1998 -2011 . Model fit was evaluated using comparative fit index (CFI; values greater than 0.95 are indicative of good fit) and root mean square error of approximation (RMSEA; values less than 0.06 are indicative of good fit; see Hu & Bentler, 1999; Reeve et al., 2007) .
Our goal was to estimate one factor for each set of indicators (i.e., separately for memory and for EF). However, initial results suggested that a unidimensional model would not adequately fit the memory data due to methodological effects (i.e., large residual variances that appeared to be related to indicators being drawn from the same tests). Therefore, we also fit a bifactor model to the memory data to account for methodological-specific factors (McDonald, 1999; Reise, Morizot, & Hays, 2007) . In a bifactor model, all test scores are determined by (load onto) a general factor and no more than one specific factor. All factors in a bifactor model are constrained to be uncorrelated (orthogonal) with each other. This assures that the general factor maintains its status as the single common source of covariance among all test scores. Although some researchers have found value in using both general and specific factors to predict clinical outcomes (e.g., Thomas, 2012) , our purpose in using the bifactor model was to account for test variance due to methodological effects. Specifically, some scores shared specific variance-above and beyond the general factor-simply because they were drawn from the same test (e.g., Logical Memory Immediate Recall and Logical Memory Delayed Recall). We therefore modeled memory using a bifactor model, where all the items loaded on the general "memory" factor, and secondary factors accounted for methods effects. Thus, we extracted general factor scores from the bifactor model that included terms for the methods effects. These general factor scores represent the overall memory performance, accounting for covariance across indicators due to methods effects. We then used these general factor scores from the bifactor model in subsequent growth models. We did not include method effect factor estimates in any subsequent models; for our purposes, these were nuisances and thus ignorable.
The second part of the analytic strategy was to examine how cognitive factor scores varied across 5 time points (four years) using latent growth curve modeling. The modeling approach is depicted in Figure 1 . All models allowed baseline intercepts (I) and slopes (S) to differ by age and race. A retest effect (R) was also included in the model to reflect differences in factor scores between the first and second visits. Next, each of the five vascular risk conditions were added individually (i.e., separate models) as covariates, each modeled as a predictor of intercepts and slopes. For all models with significant cerebrovascular risk conditions, we then added Shipley Vocabulary test scores and years of education. This allowed us to determine whether any racial differences in model intercepts and/or slopes could be attributed to cerebrovascular risk factors and/or Shipley Vocabulary test scores. We also controlled analyses for the number of years of education to determine the extent to which findings were due to educational quantity. Parameters were estimated in Mplus with the maximum likelihood estimator using all possible data. The fit of each growth model was evaluated using CFI and RMSEA.
Finally, the third part of the analytic strategy was to examine the relationship between Shipley Vocabulary test scores and other educational variables. The goal was to determine the extent to which Shipley scores could be considered markers of quality of education.
Results
Factor loadings for the memory and EF latent variable models are shown in Tables 2 and 3 . Although a unidimensional model did not adequately fit the memory data (CFI = 0.987; RMSEA = 0.163), a bifactor model fits well (CFI = 0.999; RMSEA = 0.062). Note that in Table 2 , the general factor represents the primary construct of interest (i.e., the dependent variable to be used in the growth models) and that the specific factors represent methodological effects. The EF data were adequately fit by a unidimensional model (CFI = 0.940; RMSEA = 0.050). The factor loadings suggest that the neuropsychological tests are generally good indicators of memory and EF composites. . Memory and EF abilities were treated as observed data (hence the rectangular boxes) at Time 1 through Time t. These values were regressed onto latent (and hence circular shaped) intercept (I), slope (S), and retest (R) factors using unit loadings for the intercept factor for all study visits, unit loadings for the retest factor for every study visit after the initial visit, and using loadings determined by the time for the slope factor. The intercept, slope, and retest factors were allowed to correlate with each other (as depicted by the double-headed arrows between each pair of factors). The intercept and slope factors are then regressed onto age, race, Shipley Vocabulary test scores (indicator of education quality), education level, and cerebrovascular risk factors. Table 4 provides the results of selected growth models for the memory factor. All models had good CFI and RMSEA fit values. In the model with only age at baseline and race as covariates (Model 1), AAs had a 0.38 unit lower memory score intercept compared with Whites. Of the five cerebrovascular risk conditions, only the hypercholesterolemia effect approached statistical significance. Model 2 shows that participants with hypercholesterolemia had marginally significant lower memory score intercepts (p = .066); however, including hypercholesterolemia did not have an impact on the magnitude of the effect of race on the intercept. When Shipley test scores were added (Model 3a), on the other hand, the effect of race on the intercept nearly disappeared and was not statistically different from zero. When years of educational attainment were added (Model 3b), racial differences remained significant. When years of education and Shipley both were added in the same model (Model 4), both were significant, though racial differences were not significant. With respect to slopes, advanced age was associated with more rapid rate of decline in memory performance. There was no effect on rates of decline in memory performance based on any of the cerebrovascular risk factors, Shipley, or years of educational attainment. We conducted a sensitivity analysis excluding individuals diagnosed with dementia at baseline. Results remained essentially the same when compared with analyses that included all participants, see Supplementary Table S1 . Table 5 provides the results of selected growth models for EF. All models had good CFI and RMSEA fit values. In the model with only age and race as covariates (Model 1), AAs had a 0.55 unit lower EF intercept compared with Whites. Of the five cerebrovascular risk factors, only hypercholesterolemia and diabetes effects reached statistical significance. Model 2 shows that participants with hypercholesterolemia had EF intercepts that were 0.17 units lower on average (p = .026) than those without hypercholesterolemia, but including hypercholesterolemia did not change the race effect on the intercept. When Shipley test scores were added (Model 3a), the race effect was no longer statistically different from zero. It should be noted that while the point estimate of the race effect was somewhat larger in Model 3a compared with Model 2, the standard error was much larger in Model 3a. When years of educational attainment were added (Model 3b), racial differences remained significant. When years of education and Shipley both were added in the same model (Model 4), both were significant, though racial differences were not significant. Model 5a shows that participants with diabetes had EF intercepts that were 0.37 units lower on average than those without diabetes (p = .001). The race effect on the intercept was minimally impacted by including diabetes in the model. Adding Note. AA= African American; CFI = comparative fit index; RMSEA = root mean square error of approximation. Shipley to this model (Model 5b) again had an important impact on the race term, which was markedly attenuated and no longer statistically different from zero. The model with both diabetes and Shipley included (5b) revealed that the effect of a cerebrovascular risk factor on the intercept was statistically different from zero. As in other cases, however, including the Shipley term attenuated the estimate of the diabetes effect on the intercept. When years of educational attainment was added (Model 5c), racial differences remained significant. When years of educational attainment and Shipley were added (Model 6), both were significant, though racial differences were not significant. As with the memory factor, older age at baseline was associated with more rapid decline in EF in all models. People with diabetes had a higher rate of decline than people without diabetes in Model 5a, but this difference was explained by differences in Shipley and years of educational attainment, as the diabetes effect on slope was not statistically different from zero in Models 5b, 5c, or 6. We conducted a sensitivity analysis excluding individuals diagnosed with dementia at baseline, see Supplementary Table S2 . The pattern of findings was similar for the effect of Shipley and education level on the relationship between race and EF scores when either hypercholesterolemia or diabetes were added in to the models, though the degree of attenuation of the race factor was a little smaller in the models that excluded people with dementia. The effect of race in models adjusted only for age and cholesterol (Model 2) was 0.55 for models with everyone and 0.56 for models excluding people with dementia; however, in models adjusted for age, cholesterol, years of education, and Shipley (Model 4), the effect of race was 0.17 (0.38 units smaller) in the model with everyone and 0.29 (0.27 units smaller) in the model excluding people with dementia. In either case, in these adjusted models, the cholesterol term was not significantly associated with EF. Table 6 shows Shipley test score relationships to various measures of educational attainment and quality stratified by self-reported race. For AAs, the number of years of education was associated with Shipley scores, but associations with other educational variables were not statistically different from zero. For Whites, the number of years Note. AA = African American; CFI = comparative fit index; EF = executive functioning; RMSEA = root mean square error of approximation. Note. AA = African American.
of education, rural versus urban high school location, being held back in school, and history of failing a subject were associated with Shipley scores.
Discussion
This study explored whether racial differences in cognition and its change over time could be ascribed to education quality, years of education, or the presence of cerebrovascular risk factors. We found group differences in cognitive performance between AAs and Whites in mean performance intercepts, but not in rates of change in memory or EF. Hypercholesterolemia and diabetes also had an effect on intercepts, but these conditions did not explain racial differences in intercepts. Adding Shipley scores to these models eliminated the race effect on intercepts for memory and EF; however, the addition of years of education to these models did not eliminate the race effect. Diabetes was the only cerebrovascular risk factor that was associated with the rate of change in EF, and no cerebrovascular risk factors significantly contributed to the slope of decline in memory. In the sensitivity analyses that excluded participants with dementia, findings were very similar, though for the EF model, the degree of attenuation for the race term (when including education factors) was somewhat smaller but still impressive when compared with models that included everyone.
We derived two composites using memory and EF measures. We observed mean differences in intercepts, with AAs having lower memory and EF scores relative to Whites. This is consistent with literature that has found group differences between AAs and Whites on cognitive tasks (see Manly & Jacobs, 2001; Nabors, Evans, & Strickland, 2000 for reviews) . This consistent finding has led to development of race-specific norms in clinical settings (e.g., Mayo's older African Americans normative studies; Lucas et al., 2005) . One disadvantage of race-specific norms is that it does not enable researchers to investigate factors that may explain group differences. We took a different approach in this paper, in which we ignored race while developing our composite scores, and then used study data to investigate the relative contribution of education variables and cerebrovascular risk factors that may explain the mean differences in cognition between AAs and Whites. This approach has the important benefit that we were specifically able to address the extent to which cerebrovascular and educational factors explain racial differences in levels and trajectories of cognitive functioning.
Among the cerebrovascular risk factors investigated, hypercholesterolemia and diabetes were the only factors associated with mean differences in memory and EF intercept/baseline scores. For the EF composite, participants with hypercholesterolemia and diabetes had lower intercepts. Diabetes was also associated with faster decline in EF. Results of this study are largely consistent with findings of studies on diabetes and brain function. Epidemiological studies link diabetes with general cognitive decline, AD, and vascular dementia (see Exalto et al., 2012; McCrimmon et al., 2012; Reijmer et al., 2010 for recent reviews). With regard to the effects of cholesterol on cognitive performance, previous studies have found an association between hypercholesterolemia and cognitive decline in cognitively normal participants, yet others have linked the risk of hypercholesterolemia with dementia risk. For example, positive associations were reported between cognitive decline and total cholesterol at midlife (see Anstey, Lipnicki, & Low, 2008 for a review). Further, hypercholesterolemia was negatively correlated with MMSE scores in people without dementia (Yaffe, Barrett-Connor, Lin, & Grady, 2002) . Hypercholesterolemia also was reported to be associated with greater risk of developing AD, even controlling for apolipoprotein E genotype (Notkola et al., 1998) . In addition, a neuropathological study found that persons with hypercholesterolemia in middle age had pathological levels of brain amyloid, a protein implicated in AD (Pappolla et al., 2003) . Overall, there are clear associations between both diabetes and hypercholesterolemia and cognitive functioning. Our results are broadly consistent with this literature on cerebrovascular risk factors and cognition.
We did not find significant effects for atrial fibrillation or hypertension. Although there is support in the literature for links between AD and atrial fibrillation (Bunch et al., 2010; Dublin et al., 2011; Ott et al., 1997) , it is possible that we did not find an effect for atrial fibrillation given the small number of participants with this disorder in our groups (7% of Whites and 4% of AAs). The lack of significant effect for hypertension is consistent with mixed findings in the literature. There is some indication that blood pressure fluctuates before AD onset, with increased blood pressure in middle age and decreases closer to AD diagnosis (Qiu, Winblad, & Fratiglioni, 2005; Skoog & Gustafson, 2006) . There is also evidence that intracranial atherosclerosis (a consequence of long-standing hypertension) is associated with AD (Dolan et al., 2010) , though this was not measured in this study.
Although AAs on average had higher levels of cerebrovascular risk factors than Whites in our study, differences in cognition between race groups were not well explained by these cerebrovascular risk factors. This indicates that there may not be a direct relationship between higher prevalence of cerebrovascular disease in AA populations and cognitive impairment. Therefore, further research is needed to examine the relationship between prevalence of cerebrovascular risk factors and racial differences in cognitive performance and cognitive disorders.
Unlike years of education, Shipley Vocabulary scores did explain differences in memory and EF intercepts associated with race. The Shipley test assesses word knowledge through identifying synonyms. We found that the Shipley was associated with personal (but not parental) years of educational attainment for both Whites and AAs, and that it was associated with location of high school (urban vs rural) for Whites but not AAs. This pattern of findings supports the use of Shipley as an indicator of quality of education and therefore a proxy for cognitive reserve, as opposed to a simple indicator of either education level (number of years of formal education), or a premorbid estimate of general cognitive function. Furthermore, we found that quality of education explained racial differences in cognitive performance above and beyond years of education. These results provide additional support for Manly and colleagues' (2002) and Manly, Byrd, Touradji, & Stern (2004) finding of the effects of educational quality on racial differences on neuropsychological tests. They also are in accord with a study that found that education quality explained racial differences in cross-sectional memory performance, yet other proxies of cognitive reserve, such as years of formal education, did not (Fyffe et al., 2011) . Moreover, this t study expands upon previous studies by demonstrating that quality of education is more salient than either cerebrovascular risk factors or quantity of education in accounting for racial differences in memory and EF.
This study sheds light on the intersection of vascular health, indicators of cognitive reserve (education quality vs years of educational attainment), and cognition as it may differ between races. More specifically, results indicate that cross-sectional differences in cognitive performance by race are in large part associated with quality of education, rather than cerebrovascular disease or years of education attained. Performance on the Shipley Vocabulary test attenuated baseline group differences on composites of both memory and EF (see Tables 4 and 5 ). After adding the Shipley test scores as covariates to the latent growth model for memory, mean differences in intercepts associated with race and with hypercholesterolemia were no longer statistically different from zero. Similarly, after adding the Shipley test scores as covariates to EF models, mean differences in intercepts associated with self-reported race, with hypercholesterolemia, and with diabetes were no longer statistically different from zero. In contrast, the addition of years of education did not attenuate mean racial differences in intercepts for either memory or EF. These findings are important as researchers continue to examine the etiology of racial disparities in cognitive disorders in older adulthood, such as dementia. Findings from the current study can provide guidance as to how to consider the effect of education and health variables when investigating cognitive aging in racially diverse populations.
Several limitations should be considered in interpreting our findings. Much of the participant health and medical information were from self-reported data obtained through a participant health history. Although some medical data were measured clinically (e.g., BMI), relying on patient self-report raises some concern about accuracy. Further, participants in this study were recruited through a memory disorders clinic and community outreach efforts specifically targeting those with or at risk for cognitive impairment. Thus, participants in poor physical health or with prevalent strokes were not specifically recruited, which may have limited the variability and range of individuals with cerebrovascular risk factors and cerebrovascular disease, particularly at later time points. For this reason, we did not treat cerebrovascular risk factors as time-varying covariates. Including a larger number of participants in worse health may have resulted in stronger associations between cerebrovascular risk factors and cognitive performance. In addition, the prevalence of vascular disease varies by racial/ ethnic group; therefore, results may differ in samples with other racial/ethnic groups, such as Hispanics or Asians. We did not find important differences in rates of decline in memory or EF associated with self-reported race. Because of the increased enrollment of AAs later in the study period, we had less follow-up among AAs, which may have limited our power to identify associations with rates of decline. We found that older age was associated with rates of decline of both memory and EF, consistent with previous literature. Interestingly, diabetes was associated with a more rapid rate of decline in EF. This effect disappeared when we included a term for Shipley Vocabulary in the model. With more extensive longitudinal data, we will be able to further explore differences between cerebrovascular risk factors, educational quality, and rates of cognitive decline.
Missing data in the growth models were handled using a robust maximum likelihood estimator in Mplus, which assumes missing at random (MAR) data. To the extent that data were missing not at random (see Enders, 2011) , it is possible that our parameter estimates were biased. We performed a sensitivity analysis by omitting the final year of observation from the analysis. Due to the low sample size of AAs in the final two years, we also performed a sensitivity analysis omitting the final two years of observations from the analysis. The results from both sets of sensitivity analyses did not change, and it appears that the MAR assumption holds. We did not perform tests of measurement invariance between groups for the memory and EF factors. We also did not fit a model to the data comparing demented versus nondemented groups with respect to the effects of vascular risk and educational quality on level and rate of change because of small sample sizes, especially for AAs with dementia. Future researchers may want to consider what role diagnostic status has on these variables.
Overall, results of this study do not provide support for the notion that cross-sectional differences in mean memory and EF between Whites and AAs are primarily due to the difference in the prevalence of cerebrovascular risk factors or years of education. Further exploration revealed that differences in mean performance associated with race were explained by differences in Shipley scores, which we consider a proxy for educational quality, and may serve as an indicator of cognitive reserve. Cognitive reserve is a concept that suggests individual differences in the expression of AD symptoms in the context of similar AD pathology may be due to environmental factors (Stern, 2002) .
Quality of education has been described as a sound measure of cognitive reserve (Manly, Touradji, Tang, & Stern, 2003) ; this provides support that group differences in cognitive performance in this study may reflect differences in cognitive reserve (due to disparities in educational quality). Therefore, researchers and clinicians are encouraged to gain a better understanding about their participants' or patients' learning experiences (beyond years of education) as this may provide critical information about their cognitive performance and inform diagnosis.
The current results make sense in the context of an educational system in the United States that was among the most racially disparate institutions, particularly among AAs and Whites in 1930-1950 , the era that the current cohort of subjects attended grade school. This study is one of the few that demonstrate that educational quality can be more informative than either years of education or cerebrovascular risk factors for explaining racial differences in baseline cognitive performance. This is an important consideration for geriatric researchers, especially when examining racial disparities in cognitive disorders of older adulthood. Findings from this study have important implications for the understanding of racial differences on neuropsychological tasks, as it provides additional support for the importance of quality of education in explaining mean differences in cross-sectional performance associated with race. Future studies in the field of cognitive aging would benefit from including indicators of quality of education in order to more fully examine differences in the disease process in racially diverse cohorts.
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